Abstract. Hasani R, Mehregan I, Larijani K, Nejadsattari T, Scalone R. 2017. Survey of the impacts of soil and climatic variations on the production of essential oils in Heracleum persicum Biodiversitas 18: 365-377. Essential oils have been extracted from different parts of the Heracleum persicum plants (Apiaceae) since many years. However, the effect of the climate and the soil composition on their quality and quantity of the essential oils have never been investigated in this species. For this aim, ten populations of Persian hogweed were selected regarding their different localities in Iran and their essential oils were extracted from dry fruits by hydrodistilation clevenger type, GC-FID and GC-MS analyses. During the sampling of the Heracleum populations, certain climatic and edaphic parameters were also recorded. Within these ten populations, 18 to 43 different oil compounds were identified expanding the diversity of chemical compounds found in Iranian populations. Certain rare molecules as per example the isopropyl-2-methyl butyrate, the isopropyl-3-methyl butyrate, the γ-terpinene or the p-cymene should be considered to categorize the different populations between them within the species. Certain environmental factors (e.g., EC, Cl, P) are related with the production of certain essential oils within the studied populations and are providing crucial information for the production of these oils by this aromatic herb. To conclude, the study of the environment of the populations can help to improve the utility of this aromatic plant, although certain preliminary results have still to be confirmed by controlled-environment experiments.
INTRODUCTION
Since ancient time, essential oils of plants have been utilized as natural active products for medicinal and agronomic purposes (Djilani and Dicko 2012) . Certains plant species are containing a large variety of essential oils extracted from their different organs: leaves, stems, flowers, buds, roots, seeds, fruits. Although certain species have been grown and used to extract these essential oils during centuries, the factors determining the quality and the quantity of the essential oils present in the plants are still not completely understood. Indeed, certain environmental and climatic factors (altitude, latitude, soil type, water availability, etc.) influencing the growing conditions of the plant during the season as well as the precise harvest time are impacting significantly the chemical composition of these natural products. However, these quantitative and qualitative variations of the chemical compounds present in the plant are limited within a definite plant species. Genetic factors are fixing the possibility to find (or not) certain essential oils within the different organs of a specific plant species. Thus, different chemical compositions of essential oils can be found between different species but also, at a lower level, within the same species present in different habitats (Djilani and Dicko 2012; Sadgrove and Jones 2015) . Although the use of this chemotaxonomy can help botanists to select species or varieties presenting economic values due to their contents of specific essential oils, this selective process will still be limited by the unknown impact of the environment on the plant growth and its essential oils production (Sadgrove and Jones 2015) .
One of the species representing high economic values for its essential oils content is the genus Heracleum L. (hogweed in English) composed by more than 100 species and considered as one of the most widespread genera of the Apiaceae family (Umbelliferae). Aromatic species of Heracleum are known to be rich sources of essential oils in the Persian culture since centuries (Kuljanabhagavad et al. 2010) . In Iran, eight species of this genus can be found growing often along rivers or humid mountains (Saeidnia et al. 2005; Torbati et al. 2013; Radjabian et al. 2014) . One of the eight Iranian hogweed species, Heracleum persicum Desf. ex Fischer (Persian hogweed) also named Golpar has been cultivated and used for its culinary and medicinal proprieties. This plant is a perennial and polycarpic herb present in Iran, Iraq and Turkey, tall between 150 and 200cm with a stem with sparse hairs large more than 1cm. The leaves are pinnate usually with 5 leaflets. Each flower is constituted by white petals with hairy ovary, while fruits are schizocarp, cuneate-obovate with 13-15×6-7mm and clavate vittae (Davis 1965; Mozaffarian 1986; Rechinger 1987; Asgarpanah et al. 2012) .
The fruits of H. persicum are the organs of the plant widely used as carminative, antiseptic, anthelminthic, diuretic, digestive, tonic, aphrodisiac and analgesic agents in traditional and contemporain Iranian medicines (Sefidkon et al. 2004; Torbati et al. 2013; Radjabian et al. 2014) . However, other parts of the Heracleum plant possess various chemical compounds and different amounts of essential oils (Scheffer et al. 1984; Mojab et al. 2002; Sefidkon et al. 2002; Mojab and Nickavar 2003; Sefidkon et al. 2004; Kuljanabhagavad et al. 2010; Mazandarani, et al. 2012; Radjabian, et al. 2013; Torbati, et al. 2013; Kharkwal, et al. 2014; Radjabian et al. 2014; Torbati et al. 2014) . Anti-inflammatory, analgesic (Hajhashemi et al. 2009 ), antioxidant (Firuzi et al. 2010; Mazandarani, et al. 2012; Torbati, et al. 2014) anticonvulsant (Sayyah, et al. 2005) , antitumor (Firuzi, et al. 2010) , cytotoxic (Saeidnia et al. 2005; Moshafi et al. 2009; Sharififar et al. 2009 ), immunomodulatory effects, antimicrobial and antifungal activities (Habibi, et al. 2010; Kuljanabhagavad et al. 2010; Najafabadi et al. 2011; Akcin et al. 2013; Torbati et al. 2013; Kharkwal et al. 2014; Torbati et al. 2014) , antidermatophytic (Sefidkon et al. 2004) , contraceptive (Hemati et al. 2010 ) and adjunctive treatment for hypertriglyceridemia patients (Dadjo et al. 2014 ) have been reported as effects provided by the essential oils of this Heracleum species. Monoterpenes, oxygenated monoterpens, sesquiterpenes, and aliphatic esters are the most important chemical compounds composing the essential oils extracted from the different parts of this Heracleum species (Sefidkon et al. 2004 , Radjabian et al. 2013 , Radjabian et al. 2014 ). In addition, coumarins, furanocoumarins, anthraquinones, stilbenes, furanocoumarin dimers, flavonoids and other types of secondary metabolites have also been identified in Heracleum essential oils (Kuljanabhagavad et al. 2010) .
According to previous studies, a large variability can be observed in the type, in the number and in the proportions of the chemical compounds present in the essential oils extracted from Heracleum materials (Radjabian et al. 2013 , Radjabian et al. 2014 . Although the co-occurrence of the chemical compounds of octyl acetate and hexyl butyrate is specific to the H. persicum species and its Iranian populations, the amount and the proportions of other chemical compounds of the essential oils can be highly variable depending to the population locations. Environmental factors including edaphic and climatic characteristics, as per example the temperatures or the precipitations, could affect the quantity and the quality of the production of these ative products in the Golpar plants. In order to evaluate whether certain climatic and edaphic conditions have an impact on the production of the chemical compounds present in the H. persicum plants, we extracted the essential oils from ripen fruits of ten different Heracleum persicum populations growing in various places in Iran and analyzed their contents. Soil samples and climatic information of these various Iranian places were collected and the soil proprieties tested at the light of the variations of the essential oils extracted.
MATERIALS AND METHODS

Essential oils data
Plant material. Ten populations of Heracleum persicum Desf. ex Fischer were selected from different regions of Iran, however selected populatios did not show the same size (with at least 50 individuals in each population). The fruits were collected randomly from ten individuals (about 400 to 800 fruits per individual) between July and August 2014 (Table 1 and Figure 1) .
Isolation of essential oils. Hydrodistillation clevengertype apparatus was used during three hours to extract the essential oils from the air dried fruits. The pale yellow obtained essential oils were mixed with hexane, then dried by anhydrous Na2SO4 and, at the last step, stored in sealed dark vials at 4-5 o C until gas chromatography analysis. Essential oils percentage were calculated as w/w.
Gas Chromatography (GC) analysis. Shimadzu 15A gas chromatography with a split/splitless injector (250°C) and a flame ionization detector (FID) (250°C) were carried out for GC analyses. DB-5 capillary (30m × 0.25mm, film thickness 0.32μm) with N2 (1mL/min) as carrier gas was the type of column used. The program for oven temperature was adjusted at 60°C for 3min, then rising to 250°C with a 6°C/min rate and, finally, stay constant at 250°C for 5min. For the qualification part, the relative contents of the essential-oil components were calculated by the peak areas in the GC-FID profiles without using internal standards or correction factors and expressed as percentage. Table 1 )
Gas Chromatography-Mass Spectrometry (GC-MS) analysis. Hewlett-Packard (HP-6890/5973) GC-MS system coupled with a HP-5MS column (30m × 0.25mm, film thickness 0.32μm) was used for GC/MS analyses. The temperature of the column adjusted as described above (cf. GC analysis). Helium (1ml/min) with 70eV ionization energy in MS, 40-300amu mass range and 1s scan time was performed as a carrier gas. GC pack areas without correction factors was used to calculate the percentage of essential oil components. Individual compounds were identified by comparison of their mass spectra, retention times and indexes with corresponding data in the literature ( Ad a ms 2 0 0 7 ) a nd we b si te s ( El-S a yed 2 0 1 6 , h t t p : / / w w w . p h e r o b a s e . c o m ; N I S T 2 0 1 6 , http://webbook.nist.gov/chemistry/ ). Retention times for nalkanes were determined by injection with the same chromatographic conditions to identify retention times.
Soil data
In all localities, soil samples were collected from the base of the plants (20cm depth). Bouyoucos hydrometer method was performed to determine the soil texture as a physical analysis (Gee and Bauder 1979) . For chemical analysis different factors were analyzed; the acidity rate (pH) of the soil samples, the electrical conductivity (EC) with a portable CPD-65N multi-meter (ISTEK, South Korea) by saturation extract examined by pH meter, the amount of organic carbon (OC) by the modified Walkley and Black method (Najafabadi et al. 2011), Ca 2+ , K + and Na + by atomic absorption spectroscopy (AAS) (Richards 1954), Cl -by ion chromatography (Khym 1974) , CaCO3 as the total amount of carbonates included in 100gr of dry soil corresponding to the calcimeter Bernard method, phosphor by the Olsen method (Buurman et al. 1996) , and the availability of nitrogen by the Kjeldahl method corresponding to the estimation of the changes of the various nitrogen types into NH4 + (Bremner and Mulvaney 1982) .
Climatic data
Climatic information such as precipitations and minimal, average and maximal temperatures were collected for the ten studied populations from the internet website: www.en.climate-data.org. Then, 19 climatic variables were obtained for each location including: annual mean temperature (CLIM1), annual mean diurnal range (CLIM2), isothermality (CLIM3), temperature seasonality (CLIM4), maximal temperature of warmest month (CLIM5), minimal temperature of coldest month (CLIM6), annual temperature range (CLIM7), mean temperature of wettest quarter (CLIM8), mean temperature of driest quarter (CLIM9), mean temperature of warmest quarter (CLIM10), mean temperature of coldest quarter (CLIM11), annual precipitations (CLIM12), precipitations of wettest month (CLIM13), precipitations of driest month (CLIM14), precipitations seasonality (CLIM15), precipitations of wettest quarter (CLIM16), precipitations of driest quarter (CLIM17), precipitations of warmest quarter (CLIM18) and precipitations of coldest quarter (CLIM19) (O'Donnell and Ignizio 2012). Table 1 . CLIM1: annual mean temperature, CLIM2: annual mean diurnal range, CLIM3: isothermality, CLIM4: temperature seasonality, CLIM5: maximal temperature of warmest month, CLIM6: minimal temperature of coldest month, CLIM7: annual temperature range, CLIM8: mean temperature of wettest quarter, CLIM9: mean temperature of driest quarter, CLIM10: mean temperature of warmest quarter, CLIM11: mean temperature of coldest quarter, CLIM12: annual precipitations, CLIM13: precipitations of wettest month, CLIM14: precipitations of driest month, CLIM15: precipitations seasonality, CLIM16: precipitations of wettest quarter, CLIM17: precipitations of driest quarter, CLIM18: precipitations of warmest quarter, CLIM19: precipitations of coldest quarter Table 2 . Pearson's correlation coefficient is indicated with levels of significance (* for P ≤ 0.05 and ** for P ≤ 0.01 are indicated in bold). Negative and positive correlation between factors are shown by minus and plus signs Pearson's correlation coefficient is indicated with levels of significance (* for P ≤ 0.05 and ** for P ≤ 0.01 are indicated in bold). Negative and positive correlation between factors are shown by minus and plus signs. Average-linkage method with standard Euclidean coefficient was performed for hierarchical cluster analysis (HCA) using essential oils components from the different populations. Principal component analysis (PCA) was carried out based on the relative contents of oil components from different populations as dependent variables (Radjabian et al. 2014) . The statistical SPSS v. 21 software (IBM Inc, Chicago, IL) was used to conduct the different statistical tests in this study.
B I O D I V E R S IT A S
RESULTS AND DISCUSSION
Characterization of essential oils
The composition of the essential oils, their relative percentages and the oil yields of the ten studied populations of H. persicum are listed in Table 2 . Essential oils with yellow color and strong odor exhibited a considerable variation between populations both in their oil yields and in their chemical compositions. The yield of the essential oil extracted from the Heracleum fruits is varrying from the lowest value of 2.22% of the extraction for the population of Polur (PLR) to the maximal value of 8.32% for the populations of Dona (KND), both localities closed to Tehran. A significant variation in the number of chemical oils components was observed through all the localities, with an average of 32 different chemical compounds found in the extracted essential oils ( Table 2 ). The minimal number of oil compounds was found in the population of Bardsir-Lalehzar (LZR) with a total of 18 different components, while the maximal number was found in the population of Firuzkuh Tangeh Vashi (TNG) with a total of 43 different compounds identified, representing two times more than the number identified in the previous population (Table 2) .
Based on the GC/MS results, 43 different chemical compounds were identified within the ten populations of H. persicum studied here accounting for 89.51-99.37% of the total extracted oils ( Table 2 ). The essential oils were complex mixtures of alcohol (0-0.86%), aldehyde (0-3.83%), aliphatic esters (with the highest amount comprised between 81.65 and 95.39%), monoterpene hydrocarbons (0-8%), oxygenated monoterpenes (0-3.39%), hydrocarbon (0-1.79%) and sesquiterpene (0-0.53%). Aliphatic esters were the main category of the chmcial components present in the Golpar essential oils and some of these components were present in all populations: isopropyl-2-methyl butyrate (from 0.49% in PLR to 4.89% in YZD), isopropyl-3-methyl butyrate (from 1.38% in LZR to 4.35% in YAD), hexyl isobutyrate (from 1.24% in TNG to 7.54% in PLR), hexyl butyrate (from 14.53% in KND to 22.98% in YZD), octenol acetate (from 2.07% in AKM to 7.93% in LZR), octyl acetate (from 10.11% in PLR to 24.54% in AKM), hexyl-2-methyl butyrate (from 1.7% in TNG to 9.53% in LZR), octyl isobutyrate (from 0.54% in TNG to 9.04% in KND), hexyl hexanoate (from 2.34% in PLR to 8.84% in TNG), octyl butyrate (from 1.32% in LZR to 7.5% in HMD) and noctyl-2-methyl butyrate (from 1.15% in TNG to 9.95% in HMD).
Hexyl butyrate with contents included between 14.53% in the population of Dona (KND) to 26.41% in the population Lalehzar (LZR) as well as octyl acetate representing 10.11% in the population of Polur (PLR) to 24.54% in the population of Akhlamad (AKM) of the chemical compounds were recognized as the two main oil compounds specific of the Golpar species showing equally high amounts in different populations of H. persicum. Hexyl 2-methyl butyrate (from 1.7% in TNG to 9.53% in LZR) and N-Octyl 2-methyl butyrate (from 1.15% in TNG to 9.95% in HMD) are the second highest oils amounts identified in our sampling.
The alcohol molecule as hexanol was recorded to be present only in the population of Ramsar (RMS) (0.86%), while the sesquiterpene E, E-alpha-farnesene was found only in the locality of Sareyn (SRN) (0.53%). Three aldehydes consisting of n-octanal (from 0.45% in AKM and ZSK to 1.72% in HMD), n-decanal (from 0% in SRN, HMD, RMS, TNG and LZR to 2.24% in YZD) and dodecanal (from 0% in HMD, RMS, PLR and LZR to 1.15% in TNG) were also identified within our populations. Four monoterpene hydrocarbons were recorded to be present in our study: α-pinene (0-0.42%), p-cymene (0-2.81%), γ-terpinene (0-4.67%) and limonene (0-0.61%). Two oxygenated monoterpenes were also found: linalool (0-3.39%) and E-anethole (0-2.14%).
Climatic and edaphic properties
The results of soil analysis for the ten locations are presented in Table 3 . Among these data, the electrical conductivity (EC) (from 1.283 ms/cm in TNG to 2.76 ms/cm in LZR), Na + (from 1.2% in RMS to 14.7% in LZR), Cl -(from 5.9% in TNG to 18.9% in LZR), Ca 2+ (from 1.9% in TNG to 9.6% in RMS) and CaCO3 (from 7.3% in HMD to 17.3% in TNG) showed considerable variabilities between the ten Golpar locations (from 2-fold for EC to more than 10-fold for Na + ). The information about the 19 climatic factors applied to the ten populations are shown in Table 4 . Annual mean diurnal range (CLIM2) showed a range from 12.12°C (SRN) to 16.44°C (LZR). A range of 33.20°C (SRN) to 42.49°C was achieved for the isothermality (CLIM3). Precipitations of wettest month (CLIM13) showed a large range from 17mm (YZD) to 5 times more with 71mm (HMD), while the wettest month (CLIM16) received between 1mm (YZD) to 39mm (SRN) of precipitations.
Statistical analyses
Correlations among different components of essential oils are represented in Table 5 . Positive correlations were found between pairs of isopropyl-3-methyl butyrate and isopropyl-2-methyl butyrate, p-cymene and isopropyl-3-mehyl butyrate, butyl 2-methyl butanoate and butyl isobutyrate, terpinene and isopropyl 3-methyl butyrate, terpinene and p-cymene, octanol acetate and hexyl butyrate, hexyl 2-methyl butyrate and hexyl acetate, n-octyl butyrate and octanal, n-octyl-2-methyl butyrate and octyl isobutyrate, and negative correlations are between hexyl 2-methyl butyrate and n-octanal, hexyl hexanoate and hexyl isobutyrate, n-octyl 2-methyl butyrate and isopropyl 2-methyl butyrate.
Interactions between edaphic and climatic factors and the essence oils characteristics of the ten Golpar populations are presented in Tables 6 and 7 . The number of chemical components present in the essential oils of each populations was negatively correlated with the electrical conductivity (EC) and the chloride content (Cl -) of the soil. Oil yields are positively correlated with phosphor content of the soil. Hexyl butyrate and octenol acetate are positively correlated with the electrical conductivity (EC) and the chloride content (Cl -) of the soil content too as well as with the annual mean diurnal range (CLIM2) and strongly with the isothermality (CLIM3) applied to the plants. Except these two compounds specific to H. persicum, E-anethol and N-octyl-2-methyl-butyrate are the only two chemical compounds correlated with one climatic variable, the quantity of precipitations received during the coldest quarter of the season (CLIM19).
The dendrogram obtained by hierarchical cluster analysis (HCA) of the relative contents of the essential oils (Figure 2 ) indicated that the ten populations of H. persicum were divided into two main clusters at an average distance value (ADV) of 25: cluster A1 including PLR and KND and cluster A2 including the rest of the populations. The cluster A2 in itself is sub-divided into two smaller subclusters at ADV 24: cluster B1 including LZR and cluster B2. The cluster B2 is also sub-divided into two sub-clusters at ADV 20: cluster C1 including HMD and TNG and cluster C2 (including YZD, AKM, SRN, ZSK and RMS).
The graph obtained from principal component analysis (PCA) of the relative contents of the essential oils ( Figure  3 ) indicated that ten populations of H. persicum were placed into five groups; SRN, ZSK, AKM, YZD and RMS in the first group, KND and PLR in the second one and HMD, TNG and LZR each located in one of the three separate groups.
Discussion
Expanded variability of chemical compounds/oil yields Significant variations within the essential oil components present among Iranian populations of Persian hogweed have been recorded in our study. Although similar variations and differences have already been recorded before within a larger sampling of 17 Iranian populations in Radjabian et al. (2013) , certain different results should be enlightened here. First, the number of chemical components of essential oils identified in our study varied from 18 to 43 with a average per population of 32 different molecules identified. A similar average number per population (31.1) has been identified by Radjabian and his colleagues (2013) and similar numbers and ranges have been recorded in previous studies: 33 (Radjabian et al. 2014 ), 21-35 (Radjabian et al. 2013 , 32 The numbers are referring to the sample numbers P of the populations listed in Table 1 . (Saeidnia et al. 2005; Firuzi et al. 2010; Ebadollahi, et al. 2014) , 23 (Hajhashemi et al. 2009 (Radjabian et al. 2013 ), 1.6-4.9% (Radjabian et al. 2013) , 4 (Hajhashemi et al. 2009 ), 1.6 (Ebadollahi et al. 2014 ), 1.8 (Firuzi et al. 2010) . The populations located in Polur, Lalehzar and Yazd presented the lowest oil yields of our study, with respectively 2.22%, 2.24% and 2.55%. These hogweed populations are located near the regions of Damavand and Aliabad, where the lower amounts of oil yields have been recorded in Radjabian et al. (2013) with 1.6% and 2.2%. Moreover, the population of Kandovan presenting the highest amount of oil yield of our study is also located near to Gajere, where was detected one of the highest amount of the previous study of Radjabian et al. (2013) . These two similarities are indicating that the oil yield is fixed geographically and that the plants grown in certain regions will produce more oils than the ones grown in another region. In average, our GC and GC-MS methods have identified the same number of different chemical compounds than previous studies, but these active molecules are constituting higher percentages of oil yields in our extractions than in the ones done by Radjabian et al. using similar methods on Iranian Golpar fruits (average of 4.3% of oil yields compared to 2.8% in Radjabian et al. 2013) . Then, these global higher results in the chemical identification and in the oil yields are probably due to a different sampling than the similar work of Radjabian et her colleagues. Indeed, even if our sampling of Iranian hogweed populations is smaller (10 < 17), the diversities of Iranian regions investigated are similar (7) than the sampling of Radjabian et al. (2013) . Moreover, two populations present in locations shared by both samplings (Polur & Tangeh Vashi) are presenting similar (2.22% compared to 2.1% for Polur) or equivalent (4.59% compared to 3.0 % for Tangeh Vashi) oil yields results, confirming the accuracy of our method and the pertinence of our results.
Dominant essential oils influenced by the environment
Similarly to previous results, the molecules of hexyl butyrate and octyl acetate are the two main chemical components presenting the largest quantities within the essential oils extracted (14.53%-26.41%, 10.11%-24.54% respectively). Based on the literature, the co-occurence of these two main compounds within fruits oils is a taxonomic trait specific to H. persicum samples (Radjabian et al. 2013; Radjabian et al. 2014) . Additionally, the variations in the proportions between these two molecules allowed Radjabian and his colleagues to group Iranian populations of H. persicum into three groups: one group of populations containing equal amounts of these two molecules, one group of populations containing more octyl acetate than hexyl butyrate and a third group of populations containing the inverse (octyl acetate < hexyl butyrate; Radjabian et al. 2013 ). This categorization motivated by chemotaxonomic reasons is dividing our smaller sampling in three groups too: populations of Sareyn, Kandovan and Zoshk belonging to the first category (octyl acetate = hexyl butyrate), the single population of Akhlamad belonging to the second category (octyl acetate > hexyl butyrate) and the rest of our investigated populations belonging to the last category. However, no clear relationship between these two components have been detected (Table 5) , justifying the creation of this categorization, at the light of edaphic and climatic information (Table 6 and 7) and genetic tools should be used to verify the pertinence of this categorization. It should mentioned that the two populations sharing the same locations than the ones of Radjabian et al. (2013) (Polur & Tangeh Vashi) have different octyl acetate/hexyl butyrate ratios and are classified in different chemotaxonomic categories than in the previous study. On the other hand, the concentrations of the hexyl butyrate molecule in fruits oils are explained by the variations of the electrical conductivity and of the chloride and nitrogen content of the soil where the Golpar plants grew. The annual mean diurnal range and the isothermality applied to the populations are also affecting strongly the variations of the concentration of this molecule. To summarize our findings about the different impacts of the edaphic and climatic factors, the concentration of this important chemical compound in the fruit oils is increased if the plants are growing in a soil rich in salts with a low level of nitrogen and under constant high temperatures. These new information can be crucial in the production of essential oils using Heracleum persicum plants. These findings about the optimal conditions for the hexyl butyrate production should be, however, confirmed by growth chamber experiments under controlledenvironments.
Variations of the secondary chemical compounds
Hexyl isobutyrate, octenol acetate, hexyl-2-methyl butyrate, octyl isobutyrate, hexyl hexanoate, n-octyl butyrate and n-octyl-2-methyl butyrate are the molecules with the secondary higher amounts identified in our study (~5%). Their identifications and their quantifications are in accordance with previous reports (Saeidnia et al. 2005 , Hajhashemi et al. 2009 , Radjabian et al. 2013 , Ebadollahi et al. 2014 , Radjabian et al. 2014 . Three of these secondary compounds were determinant in the principal component analysis (Figure 3 ) and were presenting high variability: n-octyl butyrate was representing 68% of the variability on the second axis, while hexyl isobutyrate and
